

Europaisches 
Patentamt 



European 
Patent Office 



PCT / IB 0 3 AO 0 9 o 3 
Office europeen f Q u Af} ?nn 

des brevets n«C-ZIW3 




Bescheinigung Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingereichten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents Les documents fixes a 
are exact copies of the cette attestation sont 
European patent application conformes a la version 
described on the following initialement deposee de 
page, as originally filed. la demande de brevet 

europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n° 

02076302.5 



/ 



DOCUMENT 



Der President des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent Office 

Le President de I'Office europeen des brevets 
p.o. 



R C van Dijk 



DEN HAAG,DEN 

THE HAGUE, 02/12/02 

LA HAYE.LE 



EPA/EPO/OEB Form 1014 - 02.91 



REST AVAILABLE COPY 




Europaisches 
Patentamt 



European 
Patent Office 



Office europeen 
des brevets 



Blatt 2 der Bescheinigung 
Sheet 2 of the certificate 
Page 2 de rattestation 



Anmeidung Nr.: 

Application no.; 02076302 . 5 
Demande n*: 

Anmelder 

Applicant(s): 

Demandeur(s): 

KonlnkHjke Philips Electronics N. V. 

5621 BA Eindhoven 

NETHERLANDS 

Philips Corporate Intellectual Property GmbH 

20099 Hamburg 

GERMANY 

Bezeichnung der Erfindung: 
Title of the invention: 
Titre de I'inventlon: 



Anmeldetag: 

Date of filing: 02/04/02 
Date de depot: ' ' 



A device for generating X-rays having a heat absorbing member 



In Anspruch genommene Prioriatfen) / Priority(ies) claimed / Priorite(s) revendiquee(s) 



Staat: 
State: 
Pays: 



Tag: 
Date: 
Date: 



Aktenzeichen: 
File no. 

Numero de depot: 



Internationale PatentWasslfikation: 
International Patent classification: 
Classification Internationale des brevets- 



Am Anmeldetag benannte Vert rag sta ate n* 

S2«!» - date of filing: AT/BE/CH/CY/OE/DK/ES/FI/FR/GB/GR/IE/IT/LI/LU/MC/NL/PT/SEAR 



~~....«.w,.m U aiaica uesiyiiditJU at aaie 01 1M 

Hats contractants deslgnes lors du depot: 



Bemerkungen: 
Remarks: 
Remarques: 



THE APPLICATION WAS TRANSFERRED FROM THE ORIGINAL APPLICANT- 
KonlnkHjk Philips Electronics N. V. , Eindhoven - The Netherlands 
TO THE ABOVE MENTI0NNED APPLICANTS ON 09. 08. 2002 



EPA/EPO/OEB Form 1012 - 1 1 .00 



PHDE020060EPP 



# • 



1 21.03.2002 
A device for generating X-rays having a heat absorbing member , 
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The invention relates to a device for generating X-rays, which device 
comprises a source for emitting electrons, a carrier which is rotatable about an axis of 
rotation and which is provided with a material which generates X-rays as a result of the 
incidence of electrons, a heat absorbing member arranged between the source and the carrier, 
and a cooling system which is in thermal connection with the heat absorbing member, 
wherein during operation a rate of heat absorption by the heat absorbing member is 
substantially larger than a rate of heat transfer via the thermal connection. 



A device of the kind mentioned in the opening paragraph is known from US- 
A-6,21 5,852. The source, the carrier, and the heat absorbing member are accommodated in a 
vacuum space of the device. The carrier is disc-shaped and is rotatably journalled by means 
of a bearing. During operation, an electron beam generated by the source passes through a 
central cavity provided in the heat absorbing member and impinges upon the X-ray 
generating material of the carrier in an impingement position near the circumference of the 
carrier. As a result, X-rays are generated in said impingement position, which emanate 
through an X-ray exit window provided in a housing enclosing the vacuum space. The heat 
absorbing member has the same electrical potential as the carrier and is arranged between the 
source and the carrier to catch electrons, which are scattered back from the carrier, and to 
absorb radiant heat generated by the carrier when heated during operation, as a result of 
which the heat absorbing member is heated during operation. The cooling system comprises a 
channel for a cooling liquid, which is provided in a circumferential portion of the heat 
absorbing member in direct thermal contact with the heat absorbing member. As a result, the 
thermal connection between the heat absorbing member and the cooling system has a 
relatively high thermal conductivity. The heat absorbing member is made from copper and 
has a relatively large mass and volume, so that the heat absorbing member has a large heat 
absorbing capacity. Thus, when the device is temporarily in operation to generate X-rays of a 
relatively high energy level, a relatively large rate of heat absorption by the heat absorbing 
member temporarily occurs, during which the heat absorbing member undergoes a moderate 
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temperature increase only. As a result of said moderate temperature increase, the rate of heat 
transfer from the heat absorbing member to the cooling system is limited, and the heat 
absorbed by the heat absorbing member is gradually transferred to the cooling system during 
the time that the device generates X-rays and afterwards when the device is not in operation. 
As a result of said gradual transfer of the heat from the heat absorbing member to the cooling 
system, thermal peak loads of the cooling system are prevented, so that cooling system 
problems, such as boiling of the cooling liquid or melting of thin-walled structures of the 
cooling system, are prevented. 

:Ar-rH<?fttWi^^ device is that the device has relatively large 



10 dimensions and a relatively large weight as a result of the relatively large mass and volume of 
the heat absorbing member. 



It is an object of the invention to provide a device for generating X-rays of the 

15 kind mentioned in the opening paragraph, which also has the advantage of a gradual transfer 
of heat from the heat absorbing member to the cooling system, but in which the mass and 
volume of the heat absorbing member are significantly reduced. 

To achieve this object, a device for generating X-rays according to the 
invention is characterized in that the thermal connection between the heat absorbing member 

20 and the cooling system comprises a thermal barrier which limits the rate of heat transfer, 
occurring via the thermal connection per unit of temperature difference between the heat 
absorbing member and the cooling system, in a predetermined maimer. In the device 
according to the invention, a gradual transfer of heat from the heat absorbing member to the 
cooling system is not achieved by moderating the maximal temperature reached by the heat 

25 absorbing member during the generation of X-rays, as in the device known from US-A- 

6,215,852, but by limiting the rate of heat transfer which occurs via the thermal connection 
per unit of temperature difference between the heat absorbing member and the cooling 
system, i.e. by limiting the thermal conductivity of the thermal connection. As a result, a 
relatively high maximal temperature of the heat absorbing member is allowed during the 

30 generation of X-rays, provided that the heat absorbing member is made from a suitable 

material having a sufficiently high melting temperature. As a result of the allowed relatively 
high maximal temperature, only a relatively small mass and volume of the heat absorbing 
member are required to enable the heat absorbing member to absorb a total amount of heat 
comparable to the amount of heat absorbed by the heat absorbing member of the known 
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device. Since the necessary thermal conductivity of the thermal connection is limited, less 
high demands are to be made also upon the thermal conductivity of the material of the heat 
absorbing member, so that a range of suitable materials for the heat absorbing member is not 
limited by demands upon the thermal conductivity of the material. 

A particular embodiment of a device according to the invention is 
characterized in that a heat transferring coefficient 9 = <j>/P max of the thermal connection is 
smaller than 0,0005 K" 1 , wherein + (in kW/K) is the rate of heat transfer via the thermal 
connection per unit of difference between an average temperature of the heat absorbing 
member and a temperature at a thermal boundary between the thermal connection and the 
cooling system, and wherein P max (in kW) is a maximal output power of the source allowed 
during continuous operation of the device. If said heat transferring ratio 0 is smaller than 
0,0005 K' 1 , a relatively high maximal temperature of the heat absorbing member is achieved 
during operation, so that the mass and volume of the heat absorbing member, which are 
necessary to enable the heat absorbing member to absorb a sufficiently large amount of heat, 
are considerably reduced. 

A particular embodiment of a device according to the invention is 
characterized in that the thermal barrier comprises a mounting member by means of which * 
the heat absorbing member is mounted in the device, said mounting member having a 
dimension, seen in a direction parallel to an electron beam path of the source, which is 
substantially smaller than a dimension of the heat absorbing member in said direction. In this 
embodiment the mounting member, which is necessary to mount the heat absorbing member 
in the device, also constitutes the necessary thermal barrier or a part thereof, as a result of 
which the device has a simple construction with a limited number of parts. Since said 
dimension of the mounting member is relatively small, the mounting member has a relatively 
small cross-sectional area, as a result of which the rate of heat transfer, occurring via the 
thermal barrier per unit of temperature difference between the heat absorbing member and 
the cooling system, is effectively reduced. A predetermined hmitation of said rate of heat 
transfer can be achieved by a suitable value of said cross-sectional area, i.e. by a suitable 
value of said dimension of the mounting member. 

A further embodiment of a device according to the invention is characterized 
in that the heat absorbing member is substantially rotationally symmetrical relative to the 
electron beam path, and the mounting member is annular and concentric relative to the 
electron beam path. In this further embodiment, the heat absorbing member is evenly warmed 
up by the electrons scattered back from the carrier, and the heat absorbed by the heat 
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absorbing member is evenly transferred, seen in a circumferential direction of the annular 
mounting member, via the mounting member to the cooling system. In this manner, the risk 
of excessive local temperatures of the heat absorbing member, the mounting member, and the 
cooling system is considerably reduced. 
5 A further embodiment of a device according to the invention is characterized 
in that the mounting member is made from a material having a thermal conductivity which is 
smaller than a thermal conductivity of a material from which the heat absorbing member is 
made. Since the thermal conductivity of the material of the mounting member is smaller than 
TfiFT hfrmttl rondustivit^ hfiflt ab sorbing member, the rate of heat 

10 transfer, occurring via the mounting member per unit of temperature difference between the 
heat absorbing member and the cooling system, is effectively reduced. 

A further embodiment of a device according to the invention is characterized 
in that the mounting member is made from stainless steel. Stainless steel is a very suitable 
material for the mounting member in view of its heat conducting properties, its thermal 

15 expansion properties, and its mechanical properties. 

A further embodiment of a device according to the invention is characterized 
in that the heat absorbing member has a first side facing the carrier and a second side facing 
away from the carrier, the mounting member being in thermal contact with the heat absorbing 
member near said second side. Near the second side, during operation, the heat absorbing 

20 member has a temperature which is lower than an average temperature of the heat absorbing 
member and lower than a temperature near the first side. As a result, the rate of heat transfer 
from the heat absorbing member to the cooling system via the mounting member is further 
reduced, so that the transfer of heat from the heat absorbing member to the cooling system 
takes place even more gradually. 

25 A particular embodiment of a device according to the invention is 

characterized in that the thermal barrier comprises a vacuum gap which is present between a 
radiant heat transferring surface of the heat absorbing member and a radiant heat transferring 
surface of the cooling system. In this embodiment, the heat absorbing member is mounted in 
the device by means of, for example, a mounting member which is preferably made from a 

30 thermally insulating material. Thus the transfer of heat from the heat absorbing member to 
the cooling system mainly takes place by heat radiation via said vacuum gap, as a result of 
which the rate of heat transfer, occurring via the thermal barrier per unit of temperature 
difference between the heat absorbing member and the cooling system, is effectively reduced. 
A predetermined limitation of said rate of heat transfer can be achieved by suitable values of 
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the areas of said radiant heat transferring surfaces of the heat absorbing member and of the 
cooling system and by a suitable value of the width of the gap. 

A particular embodiment of a device according to the invention is 
characterized in that the heat absorbing member is made from molybdenum, tungsten, or 
5 graphite. Said materials have relatively high melting temperatures, so that relatively high 
temperatures of the heat absorbing member are allowed, and so that the mass and volume of 
the heat absorbing member, which are necessary for a sufficient rate of heat absorption by the 
heat absorbing member, are considerably reduced. 

A particular embodiment of a device according to the invention is 
10 characterized in that a side of the heat absorbing member facing the carrier has an electron 
absorbing surface which is concave as seen from an impingement position of the electrons on 
the carrier. The electrons scattered back from the impingement position have an energy level 
which depends on an angle a under which the electrons are scattered back relative to the path 
of the electron beam generated by the source. Said energy level is approximately proportional 
15 to sin(2a), so that said energy level increases from approximately 0 at a= 0° to a maximal 
value approximately at cc=45°. As a result of the fact that the electron absorbing surface of , 
the heat absorbing member is concave, the portion of the electron absorbing surface, which is 
available to catch the electrons scattered back under a certain angle a, also increases between 
a=0° and a=45°. As a result, a substantially uniform rate of heat absorption per unit of area 
of the electron absorbing surface is achieved, so that the heat absorbing member is 
substantially uniformly heated up by the scattered electrons and excessive local temperatures 
of the heat absorbing member are avoided. 

In the following, embodiments of a device for generating X-rays according to 
the invention will be described in detail with reference to the figures, in which 

Fig. 1 schematically shows a longitudinal section of a first embodiment of a 
device for generating X-rays according to the invention, 

Fig. 2 schematically shows a heat absorbing member of the first embodiment 
of figure 1, and 

Fig. 3 schematically shows a heat absorbing member of a second embodiment 
of a device for generating X-rays according to the invention. 
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The first embodiment of a device for generating X-rays according to the 
invention as shown in figure 1 comprises a metal housing 1 enclosing a vacuum space 3, in 
which a source 5 or cathode for emitting electrons and a carrier 7 or anode provided with a 
material 9 which generates X-rays as a result of the incidence of electrons are present. The 
5 source 5, which is only schematically shown in figure 1, is mounted to the housing 1 by 
means of a first mounting member 11 made from an electrically insulating material. The 
carrier 7 is substantially disc-shaped, and the X-ray generating material 9, in this embodiment 
tungsten, is provided in the form of an annular layer on a main side 1 3 of the carrier 7 facing 

ffie^oufce^r he ca r rie r 7 is -madc fr om a matsrialnaving a relat i vely high melting 

10 temperature, in this embodiment molybdenum. Alternatively, the carrier 7 in its entirety may 
be made from the X-ray generating material. 

The carrier 7 is rotatable about an axis of rotation 15 which extends 
perpendicularly to the main side 13. For this purpose, the device comprises a dynamic groove 
bearing 17, by means of which the carrier 7 is journalled, and an electric motor 19, by means 
15 of which the carrier 7 can be driven. The dynamic groove bearing 17 comprises an external 
bearing member 21, which is mounted to the carrier 7, and an internal bearing member 23, 
which is mounted to the housing 1 by means of a supporting member 25 and a second 
mounting member 27. Between the external bearing member 21 and the internal bearing 
member 23, a bearing gap 29 is present which is filled with a liquid lubricant, in this 
20 embodiment an alloy of gallium, indium, and tin. The motor 19, which is only schematically 
shown in figure 1, comprises a rotor 31, which is also present in the vacuum space 3 and is 
mounted to the external bearing member 21 , and a stator 33, which is present outside the 
vacuum space 3 and is mounted to an external surface of the housing 1. 

During operation, the source 5 generates an electron beam 35, which 
25 propagatesviaanelectronbeampath37extendingperpendicularly to the main side 13 and 
which impinges upon me X-ray generating material 9 in an impingement position 39. X-rays 
41 generated by the material 9 as a result of the incidence of the electron beam 35 emanate 
from the vacuum space 3 through a window 43, which is provided in the housing 1 and which 
is made from an X-ray transparent material, in this embodiment beryllium. Only a relatively 
30 small portion of the energy of the electron beam 35 is converted into X-ray energy. A 

relatively large portion of the energy of the electron beam 35 is absorbed by the carrier 7, as a 
result of which the carrier 7 is considerably heated during operation. Since, during operation, 
the carrier 7 is rotated about the axis of rotation 15, the impingement position 39 follows a 
circular path relative to the carrier 7 over the annular layer of the X-ray generating material 9. 
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As a result, the carrier 7 is uniformly heated in circumferential direction, so that excessive 
local temperatures of the carrier 7 are avoided. Since the carrier 7 is present in the vacuum 
space 3, transfer of heat from the carrier 7 to the surroundings of the device or to a cooling 
system of the device, necessary to avoid excessive temperatures of the carrier 7, mainly takes 
5 place by heat conduction via the dynamic groove bearing 1 7 and the liquid lubricant present 
therein and by heat radiation from the surfaces of the carrier 7. 

A portion of the electrons of the electron beam 35 is scattered back from the 
impingement position 39, and accordingly a portion of the energy of the electron beam 35 is 
converted into energy of the scattered electrons. The scattered electrons are catched for the 
1 0 greater part by a heat absorbing member 45, which substantially has the same electrical 

potential as the carrier 7 and which is arranged in the vacuum space 3 between the source 5 
and the carrier 7, i.e. between the source 5 and the impingement position 39. The heat 
absorbing member 45 is substantially rotationaUy symmetrical relative to the electron beam 
path 37, and has a central opening 47 for the electron beam 35 and an electron absorbing 
1 5 surface 49, which faces the carrier 7 and which will be discussed further in detail hereafter: 
The heat absorbing member 45 is also used to absorb at least a portion of the radiant heat '.. 
generated by the carrier 7 when heated during operation. As a result of the absorption of the 
scattered electrons and the radiant heat, the heat absorbing member 45 is heated during 
operation. As shown in figure 2, the heat absorbing member 45 is in thermal connection with 
a cooling system 51 of the device, which is only schematically shown in figure 2 and 
comprises an annular sleeve 53, which is made from a material having a relatively high 
thermal conductivity, in this embodiment copper, and an annular heat exchanger 55, which is 
provided with a system of cooling channels for a cooling liquid in direct thermal contact with 
the annular sleeve 53. The annular sleeve 53 and the heat exchanger 55 are arranged 
concentrically with respect to the electron beam path 37. 

In view of the energy losses of the electron beam 35 as discussed before, a 
very high energy level of the electron beam 35 is necessary to generate X-rays 41 of a 
sufficiently high energy level. In the embodiment shown in figures 1 and 2, the source 5 is 
suitable to generate an electron beam 35 of approximately 200 kW. Experiments have shown 
that approximately 40% of the energy of the electron beam 35 is absorbed by the heat 
absorbing member 45. If this amount of absorbed energy would be instantaneously 
transferred from the heat absorbing member 45 to the cooling system 51, the necessary 
thermal capacity and dimensions of the cooling system 51 would be unacceptably high, or 
cooling system problems, such as boiling of the cooling liquid or melting of thin-walled 
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structures of the cooling system 51, would occur. In order to avoid such high thermal 
capacities and dimensions of the cooling system 51 and to avoid such problems, the heat 
absorbing capacity of the heat absorbing member 45 and the heat transferring capacity of the 
thermal connection between the heat absorbing member 45 and the cooling system 51 are 
5 such that, during operation, a rate of heat absorption Q A (in kW) by the heat absorbing 
member 45 is substantially larger than a rate of heat transfer Qt (in kW) via the thermal 
connection. As a result, the heat absorbing member 45 is used to temporarily store the heat 
absorbed by the heat absorbing member 45, and the heat thus stored is gradually transferred 
from th^ hearatv^Hrr^^ te fe e-coaling system 51 { faring the time that the device 

10 generates the X-rays 41 and afterwards when the device is not in operation. Thus, in order to 
prevent excessive temperatures of the heat absorbing member 45, the device has to be used 
discontinuously, i.e. after the generation of the X-rays 41 during a first period of time the 
device should be out of operation for a second period of time, said first and said second 
period of time depending on the energy level of the electron beam 35. In the embodiment 

15 shown, for example, the device can be used in a number of different modes of operation. In a 
first mode of operation, the electron beam 35 has an energy level of 200 kW during a first 
period of time. After this, the device should be out of operation for a second period of time to 
allow the heated parts of the device to cool down again near to the temperature of the cooling 
liquid. In a second mode of operation, the electron beam 35 has an energy level of 1 00 kW 

20 during a period of time which is approximately 3 times said first period of time, after which 
the device is out of operation to cool down again. In a third mode of operation the electron 
beam 35 has an energy level of 60 kW during a period of time which is approximately 7 
times said first period of time, after which the device is out of operation to cool down again. 
In a fourth mode of operation, the device continuously generates X-rays 41 at a 

25 comparatively low energy level of the electron beam 35. 

In the device according to the invention, the intended relation between Q A and 
Qx as described before is achieved in that the thermal connection between the heat absorbing 
member 45 and the cooling system 51 comprises a thermal barrier which limits the rate of 
heat transfer § (in kW/K) occurring via the thermal connection per unit of temperature 

30 difference between the heat absorbing member 45 and the cooling system 51, It is noted that 
in the definition of § said temperature difference is the difference between an average 
temperature Ta of the heat absorbing member 45 and a temperature occurring at a thermal 
boundary between the thermal connection and the cooling system 5 1 , i.e. at a location where 
the cooling liquid in the cooling system 5 1 is in direct thermal contact with the thermal 
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connection. In the first embodiment shown in figures 1 and 2, said thermal barrier comprises 
a mounting member 57 by means of which the heat absorbing member 45 is mounted in the 
vacuum space 3 between the source 5 and the carrier 7. The value of § is effectively reduced 
in that a dimension h B of the mounting member 57, seen in a direction X parallel to the 
electron beam path 37, is substantially smaller than a dimension h A of the heat absorbing 
member 45 in said direction X, so that the mounting member 57 has a relatively small cross- 
sectional area available for the conduction of heat. A predetermined limitation of the value of 
<|> can be achieved by a suitable value of said cross-sectional area, i.e. by a suitable value of 
h B . Since the value of <f>, i.e. the thermal conductivity of the thermal connection between the 
heat absorbing member 45 and the cooling system 51 is limited, a relatively high maximal 
temperature of the heat absorbing member 45 is allowed and achieved during the generation 
of the X-rays 41 . As a result of said allowed relatively high maximal temperature, only a 
relatively small mass and volume of the heat absorbing member 45 are required to provide 
the heat absorbing member 45 with a sufficiently high heat absorbing capacity. In the first 
embodiment, the heat absorbing member 45 is made from molybdenum which has a 
relatively high melting temperature of approximately 2600 °C. Alternatively, another 
material having a relatively high melting temperature may be used, such as tungsten or 
graphite. With such materials, relatively high temperatures of approximately 2000 °C of the 
heat absorbing member 45 are allowed, so that a considerable reduction of the necessary 
mass and volume of the heat absorbing member 45 is achieved. 

In the first embodiment shown in figures 1 and 2, the value of ((> is further 
reduced in that the mounting member 57 is made from a material having a thermal 
conductivity which is smaller than a thermal conductivity of the material from which the heat 
absorbing member 45 is made. In this embodiment, the mounting member 57 is made from 
stainless steel, which is a very suitable material in view of its heat conducting properties, its 
thermal expansion properties, and its mechanical properties. In the first embodiment, the 
value of <|> is further reduced in that the mounting member 57 is in thermal contact with the 
heat absorbing member 45 near a second side 59 of the heat absorbing member 45 facing 
away from the carrier 7. Near this second side 59, during operation, the heat absorbing 
member 45 has a temperature which is lower than the average temperature T A of the heat 
absorbing member 45 and lower than a temperature of the heat absorbing member 45 near a 
first side 61 which faces the carrier 7, so that Qr is further limited. In the first embodiment, as 
a result, Q T has a maximal value of approximately 10 kW, which value occurs when the 
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average temperate T A is approximately 2000 °C. Thus, the value of* is approximately 5 
W/K In order to relate the value of* to the total power and capacity of me device, a heat 
transferring coefficient 9 (in K' 1 ) of the thermal connection between the heat absorbing 
member 45 and the cooling system 5 1 is defined as 0 = <t>/IW, wherein P„ (in kW) is a 
maximal output power of the source 5 allowed for continuous operation of the device. In the 
first embodiment P max is approximately 25 kW, so that 0 is approximately 0,0002 K . It is 
noted however, that also for larger values of 9 a considerable reduction of the mass and 
volume of the heat absorbing member 45 is already achieved. It has been found, that a useful 
and favorable reduction of the mass and volume of the heat absorbmg membw^vxthm^e- 
meaning of the invention is achieved for values of 0 smaller than approximately 0,0005 K . 

Since the maximal temperature of the heat absorbing member 45 is very close 
to the melting temperature of the material from which the heat absorbing member 45 is made, 
local excessive temperatures in the heat absorbing member 45 should be avoided. In the first 
embodiment shown in figures 1 and 2, this is achieved as a result of the fact that me heat 
absorbing member 45 is substantially rotationally symmetrical relative to the electron beam 
path 37, and that the mounting member 57 is annular and concentric relative to the electron 
beam path 37. As a result, seen in a circumferential direction of the heat absorbing member 
45 the heat absorbing member 45 is uniformly warmed up by the electrons scattered back 
from the impingement position 39, and the heat absorbed by the heat absorbing member 45 is 
uniformly transferred from the heat absorbing member 45 to the cooling system 5 1 via the 

mounting member 57. 

The risk of local excessive temperatures, particularly near the electron 
absorbing surface 49, is limited in that the electron absorbing surface 49 has a concave shape 
as seen ftom the impingement position 39. It has been found that the electrons scattered back 
from the impingement position 39 have an energy level which depends on an angle a, as 
shown in figure 2, under which the electrons are scattered back relative to the electron beam 
path 37. Said energy level is approximately proportional to sin(2a), so that said energy level 
increases from approximately 0 at a=0° to a maximal value approximately at <x=45°. As a 
result of the fact that the electron absorbing surface 49 is concave a portion dS(ct) of the 
electron absorbing surface 49, shown in figure 2 and available to catch the electrons which 
are scattered back under a certain angle a, also increases between cc=0° and a-45°. By 
optimizing the shape of the concave electron absorbing surface 49, it is achieved that the 
energy absorbed per unit of area of the electron absorbing surface 49 is approximately 
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constant between a=0° and a=45°, so that at least near this portion of the heat absorbing 
surface 49 the risk of local excessive temperatures is considerably reduced. For a>45°, the 
energy level of the scattered electrons decreases again, but the available portion of the heat 
absorbing surface 49 increases further, so that local excessive temperatures are not likely to 
occur near this portion of the heat absorbing surface 49. 

A further advantage of the device according to the first embodiment is that the 
mounting member 57, which is necessary to mount the heat absorbing member 45 in the 
vacuum space 3, also constitutes the necessary thermal barrier in the thermal connection 
between the heat absorbing member 45 and the cooling system 51. As a result, the device 
according to the first embodiment has a relatively simple construction in that the number of 
parts of the device is limited. It is noted, however, that the invention also covers alternative 
embodiments in which said thermal barrier constitutes an additional part of the device. The 
second embodiment of a device according to the invention, which is schematically shown in 
figure 3, also has a relatively simple construction in that the thermal barrier is a vacuum gap 
63 which is present between the heat absorbing member 45 and the cooling system 5 1 . In 
figure 3, parts of the device according to the second embodiment, which correspond with 
parts of the device according to the first embodiment as shown in figures 1 and 2, are 
indicated with corresponding reference numbers. In the following, only the main differences 
between the devices according to the first and the second embodiment will be discussed. 

The device according to the second embodiment mainly differs from the 
device according to the first embodiment in that the heat absorbing member 45 of the second 
embodiment is mounted in the vacuum space 3 by means of two mounting members 65, 67 
which are made from a thermally insulating material. The heat absorbing member 45 
comprises a circular cylindrical outer wall, which is concentric with respect to the electron 
beam path 37 and which constitutes a radiant heat transferring surface 69 of the heat 
absorbing member 45. The annular sleeve 53 comprises a circular cylindrical inner wall, 
which is also concentric with respect to the electron beam path 37 and which constitutes a 
radiant heat transferring surface 71 of the cooling system 5 1 . The vacuum gap 63 is present 
between said radiant heat transferring surfaces 69 and 71 and is annular and also concentric 
relative to the electron beam path 37. In this second embodiment, transfer of heat from the 
heat absorbing member 45 to the cooling system 51 mainly takes place by radiation of heat 
via the vacuum gap 63 from the radiant heat transferring surface 69 of the heat absorbing 
member 45 to the radiant heat transferring surface 71 of the cooling system 51, as a result of 
which the values of <|> and G for the thermal connection between the heat absorbing member 
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45 and the cooling system 51 are effectively reduced. Intended values of + and 9 are achieved 
in this second embodiment by suitable values of the surface areas of the radiant heat 
transferring surfaces 69 and 71 and by a suitable value of the width w of the vacuum gap 63. 
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CLAIMS: 

f 2 04. pop., 

1 • A device for generating X-rays, which device comprises a source for emitting 

electrons, a carrier which is rotatable about an axis of rotation and which is provided with a 
material which generates X-rays as a result of the incidence of electrons, a heat absorbing 
member arranged between the source and the carrier, and a cooling system which is in 
thermal connection with the heat absorbing member, wherein during operation a rate of heat 
absorption by the heat absorbing member is substantially larger than a rate of heat transfer 
via the thermal connection, characterized in that the thermal connection between the heat 
absorbing member and the cooling system comprises a thermal barrier which limits the rate 
of heat transfer, occurring via the thermal connection per unit of temperature difference 
between the heat absorbing member and the cooling system, in a predetermined manner. 

2 - A device as claimed in claim 1, characterized in that a heat transferring 
coefficient 9 = <j>/P max of the thermal connection is smaller than 0,0005 K" 1 , wherein <|> (in 
kW/K) is the rate of heat transfer via the thermal connection per unit of difference between 
an average temperature of the heat absorbing member and a temperature at a thermal 
boundary between the thermal connection and the cooling system, and wherein P max (in kW) 
is a maximal output power of the source allowed during continuous operation of the device. 

3 - A device as claimed in claim 1, characterized in that the thermal barrier 
comprises a mounting member by means of which the heat absorbing member is mounted in 
the device, said mounting member having a dimension, seen in a direction parallel to an 
electron beam path of the source, which is substantially smaller than a dimension of the heat 
absorbing member in said direction. 



4 - A device as claimed in claim 3, characterized in that the heat absorbing 

member is substantially rotationally symmetrical relative to the electron beam path, and the 
mounting member is annular and concentric relative to the electron beam path. 
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5. A device as claimed in claim 3, characterized in that the mounting member is 

made from a material having a thermal conductivity which is smaller than a thermal 
conductivity of a material from which the heat absorbing member is made. 

5 6 . A device as claimed in claim 3, characterized in that the mounting member is 

made from stainless steel. 

7. A device as claimed in claim 3, characterized in that the heat absorbing 

rnemterters^^ * s ec ond side facing away from the carrier, the 

10 mounting member being in thermal contact with the heat absorbing member near said second 
side. 

8 A device as claimed in claim 1 , characterized in that the thermal barrier 

comprises a vacuum gap which is present between a radiant heat transferring surface of the 
1 5 heat absorbing member and a radiant heat transferring surface of the cooling system. 

9 . A device as claimed in claim 1, characterized in that the heat absorbing 

member is made from molybdenum, tungsten, or graphite. 

20 10 A device as claimed in claim 1, characterized in that a side of the heat 

absorbing member facing the carrier has an electron absorbing surface which is concave as 
seen from an impingement position of the electrons on the carrier. 
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ABSTRACT: r 1 



'.'JQ2 



The invention relates to a device for generating X-rays (41). The device 
comprises a source (5) for generating an electron beam (35), and a carrier (7) which is 
rotatable about an axis of rotation (15) and which is provided with a material (9) which 
generates the X-rays as a result of the incidence of the electron beam thereon. The device 
5 further comprises a heat absorbing member (45) which is arranged between the source and 
the carrier to catch electrons, which are scattered back from an impingement position (39) of 
the electron beam on the carrier, and to absorb a portion of the radiant heat generated by the 
carrier when heated during operation. The heat absorbing member is in thermal connection 
with a cooling system (51) of the device. 

10 According to the invention, the thermal connection between the heat absorbing 

member (45) and the cooling system (51) comprises a thermal barrier (57) which limits a rate 
of heat transfer (<j>) occurring via the thermal connection per unit of temperature difference 
between the heat absorbing member and the cooling system. In a particular embodiment, said 
thermal barrier comprises an annular mounting member (57) having a limited dimension (hs), 

15 by means of which the heat absorbing member is mounted in the device. As a result of said 
thermal barrier, the heat absorbed by- the heat absorbing member is gradually transferred to 
the cooling system, so that thermal peak loads on the cooling system and problems like 
boiling of the cooling liquid are avoided. In addition, relatively high temperatures of the heat 
absorbing member are allowed, so that the mass and volume of the heat absorbing member, 

20 which are necessary to provide the heat absorbing member with a sufficiently large heat 
absorbing capacity, are considerably reduced. 



Fig. 2 



PHDE020060 

2/3 




FIG. 2 



PHDE020060 



3/3 




FIG. 3 
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